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Abstract. This study discussed about the influence of the cutting speed and radial depth of cut on 
surface integrity (microhardness and work-hardening) when performing hard milling of AISI D2 
workpiece. By using PVD-TiAlN, nine experimental trials were performed at various cutting speeds 
of 80, 100 and 120 m/min and various radial depth of cut of 3, 4 and 5 mm as feed and depth of cut 
remain constant at 0.05 mm/tooth and 0.05 mm. From the result, due to high cutting temperature 
generated, the cutting speed adversely affects the microhardness value of the subsurface layer. At 
higher cutting speed of 120 m/min higher hardness values were obtained when compared with 
lower cutting speed of 80 m/min. As for  the effect of the radial depth of cut it is clear that it 
influences the microhardness beneath the surface. Higher microhardness recorded from  the radial 
depth of cut increment  associated with high cutting temperature generated during machining. 
Introduction 
Surface integrity is one of the most relevant parameters used for evaluating machined surface. 
In modern manufacturing, such as application of High Speed Machining (HSM) technology, if the 
machining parameters such as cutting speed, feed rate, radial depth are not properly controlled, , 
they may affect the costs, lead-time and quality of product. Despite these supposed benefits, many 
scientific results are still contradictory especially engaging the workpiece surface integrity. 
Therefore from the consequence of the previous findings, the objective of this research was to 
investigate the influence of the cutting speed and radial depth of cut, mainly at high-speed 
machining, on the microhardness of AISI D2 hardened. 
 
 
Experimental Setup and Procedure 
AISI D2 hardened steel was selected as a workpiece material since it is the most commonly 
used grade in the moulds and dies industries applications. The workpiece was a rectangular plate of 
140mm X 50mm with 10 mm thickness. The experimental conditions and cutting parameters as 
shown in Table 1. 
 
Table 1. Experimental conditions 
Cutting tool Diameter, D=20 mm; no. of inserts, n=3 
Workpiece  AISI D2 hardened steel (58-62 HRC) 
Cutting speed, Vc (m/min) 80,100,120 
Feed per tooth, f (mm/tooth) 0.05 
Radial depth of cut, ae (mm) 3,4,5 
Axial depth of cut, ap (mm) 0.5 
Cutting condition Down-cut without coolant 
 
PVD TiAlN coated carbide inserts were used for the milling tests and  were carried out with 
varying cutting speeds of 80, 100 and 120 m/min. The feed rate was kept constant at 0.05 mm/rev. 
The milling experiments were implemented under dry condition.  
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 Tool wear was observed and measured using toolmaker microscope and optical microscope, 
with a 3X magnification equipped with a digital readout device.  
In establishing the tool wear criteria, ISO 8688-2 was used as a guide. The milling experiment 
was stopped when the maximum flank wear criteria had reached 0.3 mm.  In Vickers 
Microhardness testing, the hardness value is determined by measuring the size of the resulting 
unrecovered indentation by a microscope and established formulas in accordance with ASTM E384.  
Results and Discussions 
Effect of the cutting speed on the microhardness beneath the machined surface. 
Figure 1 shows the microhardness profiles of AISI D2 hardened steel after milling at various cutting 
speedof 80, 100 and 120 m/min. Radial depth of cut, feed and depth of cut were kept constant at 5 
mm, 0.05 mm/tooth and 0.5 mm respectively. Figure 1 also potrays a drop from a higher surface 
hardness to a lower bulk material hardness is explained by the compressive layer due to work 
hardening of the material during machining. 
 
 
Figure 1: Microhardness at various cutting speeds at constant radial depth of cut,ae=5 mm 
From Figure 1, it can be seen that cutting speed adversely affects the microhardness value of 
the subsurface layer. At higher cutting speed of 120 m/min higher hardness values were obtained 
when compared with lower cutting speed of 80 m/min. This result is expected due to the high 
cutting temperature generated when higher cutting speed was employed. Result also showed that the 
worn tools tends to increase the hardness value when compared with the sharp tools. It can be 
suggested that prolonged machining contributed to a significant increase in hardness value. As the 
tool becomes worn and dull, rubbing may have occured instead of the cutting action thus increases 
the plastic deformation and cold working action which eventually results in an increase of the 
hardness value of the machined surface. Effect of the radial depth of cut on the microhardness 
beneath the machined surface. 
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 In Figure 2, the effect of the radial depth of cut on the microhardness is plotted for a radial 
depth of cut of 3, 4, and 5 mm and a fixed cutting speed of 80 m/min. From this graph, it is clear 
that the radial depth of cut influences the microhardness beneath the surface. Higher microhardness 
recorded by increasing the radial depth of cut could be associated with the increased heat generated 
during machining. The contact region increases as the radial depth of cut increases, as does the heat, 
therefore creating higher hardness value [1][2]. Daymi et al. (2011) [3] also reported that the high 
surface hardness values recorded was due to the probably to a bigger contact area between the 
cutting tool and workpiece material. The top layer of the machined surface practised work 
hardening process, hence, the hardness measurements are higher than the average hardness of the 
workpiece materials. However, any softening effect (overaging of the materials) was observed in 
the material beneath the top layer. Confirming the results of the present paper, Che-Haron & Jawaid 
(2005) [4] claimed that a bigger contact area between cutting tool and the workpiece would increase 
the heat generated under dry machining. 
 
 
Figure 2: Microhardness at radial depth of cut at constant cutting speed, Vc=120 m/min 
Conclusions 
The main conclusions that could be drawn from this investigation are as follows: 
• It is concluded that cutting speed adversely affects the microhardness value of the 
subsurface layer. At higher cutting speed of 120 m/min higher hardness values were 
obtained when compared with lower cutting speed of 80 m/min.  
• It is clearly shown that the radial depth of cut influences the microhardness beneath the 
surface. Higher microhardness recorded by increasing the radial depth of cut could be 
associated with the increased heat generated during machining. 
• AISI D2 hardened steels are also susceptible to surface integrity alterations, depending on 
cutting conditions. 
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 • The hardness of the material after being machined has been found to be greater on the 
surface of the material than through the depth of the material, where the heat and strain 
effect are neutralized for the bulk of the material. This is an evidence of work hardening 
during machining and compressive layer. 
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